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THIN-FILM TRANSISTOR ARRAY
SUBSTRATE, DISPLAY APPARATUS
INCLUDING SAME, AND METHOD OF
MANUFACTURING THIN-FILM
TRANSISTOR ARRAY SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Korean Patent Applica-
tion No. 10-2013-0099243, filed on Aug. 21, 2013, in the
Korean Intellectual Property Office, the disclosure of which 1s
incorporated by reference 1n its entirety herein.

BACKGROUND

1. Technical Field

Exemplary embodiments of the present invention relate to
a thin-film transistor (TF'T) array substrate, a display appara-
tus 1including the same, and a method of manufacturing the
TFT array substrate.

2. Discussion of Related Art

A display apparatus, such as an organic light-emitting dis-
play apparatus, a liquid crystal display apparatus, or the like,
may include a thin-film transistor (TFT), a capacitor, and a
plurality of wirings.

A substrate used to manufacture a display apparatus may
include minute patterns for TFT's, capacitors, wirings, and the
like, and the display apparatus operates by a complex con-
nection between the TFT's, capacitors, wirings, and the like.

Recently, according to an increase in the demand for a
compact and high-resolution display, a more eflicient space
layout and connection structure 1s needed between TFTs,
capacitors, and wirings included 1n a display apparatus.

SUMMARY

At least one embodiment of the present invention includes
a thin-film transistor (1FT) array substrate having an efficient
space layout and connection structure, a display apparatus
including the same, and a method of manufacturing the TFT
array substrate.

According to an exemplary embodiment of the present
invention, a thin-film transistor (TFT) array substrate
includes: a TF'T including ant active layer, a gate electrode, a
source electrode, and a drain electrode; a first conductive
layer formed 1n the same layer as any one selected from the
active layer, the gate electrode, the source electrode, and the
drain electrode; a second conductive layer disposed 1n a dii-
ferent layer from the first conductive layer; a node contact
hole including a first contact hole part which exposes the first
conductive layer, a second contact hole part which exposes
the second conductive layer, and a connection part which
connects the first contact hole part and the second contact hole
part and has a width that 1s smaller than a width of the first
contact hole part and a width of the second contact hole part;
and a connection node formed 1n the node contact hole to
clectrically connect the first conductive layer and the second
conductive layer.

A length of the connection part 1 a direction extending
from the first contact hole part to the second contact hole part
may be 1.5 um or less.

The TF'T array substrate may further include a first insu-
lating layer disposed between the first conductive layer and
the second conductive layer, wherein the first conductive
layer and the second conductive layer are separated from each
other by the first insulating layer.
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2

The TFT array substrate may further include a second
insulating layer disposed on the second conductive laver,
wherein a partial region of the second insulating layer 1s
disposed between the first contact hole part and the second
contact hole part.

The connection part which connects the first contact hole
part and the second contact hole part may be disposed on the
second insulating layer disposed between the first contact
hole part and the second contact hole part.

The TF'T may include: a first TFT including a first active
layer, a first gate electrode, a first source electrode, and a first
drain electrode; and a second TFT including a second active
layer, a second gate electrode, a second source electrode, and
a second drain electrode, and the first gate electrode and the
second gate electrode may be disposed 1n different layers
from each other.

The TFT array substrate may further include a capacitor
including a lower electrode disposed 1n the same layer as the
second gate electrode and an upper electrode disposed 1n the
same layer as the first gate electrode, wherein the first con-
ductive layer 1s disposed 1n the same layer as the first active
layer and the second active layer, and the second conductive
layer 1s disposed 1n the same layer as the lower electrode or
the upper electrode of the capacitor.

According to an exemplary embodiment of the present
invention, a method of manufacturing a thin-film transistor
(TFT) array substrate includes: forming a first conductive
layer 1n the same layer as any one selected from an active
layer, a gate electrode, a source electrode, and a drain elec-
trode included 1n a TFT; forming a second conductive layer in
a different layer from the first conductive layer; forming a
node contact hole including a first contact hole part which
exposes the first conductive layer, a second contact hole part
which exposes the second conductive layer, and a connection
part which connects the first contact hole part and the second
contact hole part and has a width that 1s smaller than a width
of the first contact hole part and a width of the second contact
hole part; and forming a connection node 1n the node contact
hole to electrically connect the first conductive layer and the
second conductive layer.

The forming of the node contact hole may include forming,
the node contact hole by applying light to a mask including a
first opening and a second openming respectively correspond-
ing to the first contact hole part and the second contact hole
part.

A spacing distance between the first opening and the sec-
ond opening included 1n the mask may be 1.5 um or less.

The method may further include: forming a first insulating,
layer after forming the first conductive layer; and forming a
second 1nsulating layer after forming the second conductive
layer.

The forming of the node contact hole may include: forming
the first contact hole part which exposes the first conductive
layer by etching the first insulating layer and the second
insulating layer; forming the second contact hole part which
exposes the second conductive layer by etching the second
insulating layer; and forming the connection part by etching a
portion of the second insulating layer which 1s disposed
between the first contact hole part and the second contact hole
part.

According to an exemplary embodiment of the present
invention, a display apparatus includes: a plurality of pixels,
cach pixel including a pixel circuit, which includes at least
one thin-film transistor (TFT) and at least one capacitor and 1s
connected to a plurality of wirings, and a display device
connected to the pixel circuit; a first conductive layer which 1s
located 1n the pixel and 1s formed 1n the same layer as any one
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selected from an active layer, a gate electrode, a source elec-
trode, and a drain electrode 1included in the TFT; a second
conductive layer disposed 1n a different layer from the first
conductive layer; a node contact hole including a first contact
hole part which exposes the first conductive layer, a second
contact hole part which exposes the second conductive layer,
and a connection part which connects the first contact hole
part and the second contact hole part and having a width that
1s smaller than a width of the first contact hole part and a width
of the second contact hole part; and a connection node formed
in the node contact hole to electrically connect the first con-
ductive layer and the second conductive layer.

A length of the connection part in a direction extending
from the first contact hole part to the second contact hole part
may be 1.5 um or less.

The display apparatus may further include a first insulating,
layer disposed between the first conductive layer and the
second conductive layer, wherein the first conductive layer
and the second conductive layer are separated from each other
by the first insulating layer.

The display apparatus may further include a second 1nsu-
lating layer disposed on the second conductive layer, wherein
a partial region of the second insulating layer 1s disposed
between the first contact hole part and the second contact hole
part.

The connection part which connects the first contact hole
part and the second contact hole part may be disposed on the
second 1nsulating layer disposed between the first contact
hole part and the second contact hole part.

The TFT may include: a first TFT 1ncluding a first active
layer, a first gate electrode, a first source electrode, and a first
drain electrode; and a second TFT including a second active
layer, a second gate electrode, a second source electrode, and
a second drain electrode, and the first gate electrode and the
second gate electrode may be disposed in different layers
from each other.

The display apparatus may further include a capacitor
including a lower electrode disposed 1n the same layer as the
second gate electrode and an upper electrode disposed 1n the
same layer as the first gate electrode, wherein the first con-
ductive layer 1s disposed 1n the same layer as the first active
layer and the second active layer, and the second conductive
layer 1s disposed 1n the same layer as the lower electrode or
the upper electrode of the capacitor.

The display device may be an organic light-emitting device
(OLED) including a first electrode, a second electrode, and an
organic emission layer disposed between the first electrode
and the second electrode.

According to an exemplary embodiment of the present
invention, a thin-film transistor (1TFT) array substrate
includes: a first TF'T including a first active layer, a first gate
electrode, a first source electrode, and a first drain electrode;
a first conductive layer disposed 1n a same layer as one of the
first active layer, the first gate electrode, the first source elec-
trode, and first the drain electrode; a second conductive layer
disposed 1n a different layer from the first conductive layer; a
first 1insulating layer including first and second insulating
parts spaced apart from one another and disposed on the first
conductive layer; a second insulating layer including third,
fourth, and fifth insulating parts spaced apart ifrom one
another, the third insulating part disposed on the first insulat-
ing part, and the fourth and fifth insulating parts disposed on
the second insulating part and the second conductive layer;
and a connection node to electrically connect the first con-
ductive layer and the second conductive layer.

The connection node may be located 1n a dumbbell shaped

hole.
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In an exemplary embodiment, the connection node 1s
located 1n a hole having first, second, and third sections and
the second section 1s located between the first and third sec-
tions and has a width smaller than the first and third sections.

In an exemplary embodiment, the fourth insulating part 1s
located between the third and fifth insulating parts and the
connection node surrounds the fourth insulating part.

The first and second conductive layers may overlap one

another, or a width of the fourth insulating part may be con-
figured to prevent the overlap.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will become apparent and
more readily appreciated from the following description of
the embodiments, taken 1n conjunction with the accompany-
ing drawings in which:

FIG. 1 1s a block diagram of a display apparatus according,
to an exemplary embodiment of the present invention;

FIG. 2 1s an equivalent circuit diagram of one pixel in the
display apparatus according to an exemplary embodiment of
the present invention;

FIG. 3 1s a top view of the pixel of FIG. 2, according to an
exemplary embodiment of the present invention;

FIG. 4 1s a magnified top view of a region IV of FIG. 3;

FIG. 5 1s a cross-sectional view along A-A' of FIG. 4;

FIG. 6 1s a cross-sectional view along B-B' of FIG. 4;

FIG. 7 1s a cross-sectional view of a node contact hole
included 1n a display apparatus according to an exemplary
embodiment of the present invention;

FIG. 8 1s a cross-sectional view of a node contact hole
included 1n a display apparatus according to an exemplary
embodiment of the present invention;

FIGS. 9 and 10 are cross-sectional views illustrating a
method of manufacturing a display apparatus, according to an
exemplary embodiment of the present invention;

FIG. 11 1s a top view of a mask of FIG. 10;

FIGS. 12 to 14 are cross-sectional views of a region corre-
sponding to A-A' of FIG. 4 1n a method of manufacturing a
display apparatus, according to an exemplary embodiment of
the present invention; and

FIGS. 15 to 17 are cross-sectional views of a region corre-
sponding to B-B' of FIG. 4 1n a method of manufacturing a
display apparatus, according to an exemplary embodiment of
the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments of the invention, which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. However, embodiments of
the mvention may have different forms and should not be
construed as being limited to the descriptions set forth herein.

As used herein, the singular forms “a,” “an” and “the” are
intended to include the plural forms as well, unless the con-
text clearly indicates otherwise. Sizes of elements in the
drawings may be exaggerated for convenience ol explana-
tion. In other words, since sizes and thicknesses ol compo-
nents 1n the drawings are arbitrarily illustrated for conve-
nience of explanation, the following embodiments are not
limited thereto.

Although an active matrix (AM)-type organic light-emat-
ting display apparatus of a six-TR and one-Cap structure in
which one pixel includes six TF'T's and one capacitor 1s shown
in the accompanying drawings, embodiments of the present

invention are not limited thereto. Thus, a display apparatus
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may be formed to have a structure 1n which one pixel includes
a plurality of TFTs less than or greater than six TF'T's and more
than one capacitor or to have various structures such that a
separate wiring 1s further formed or an existing wiring 1s
omitted. Herein, the pixel indicates a minimum unit for dis-
playing an image, and a display apparatus displays an image
through a plurality of pixels.

FIG. 1 1s a block diagram of a display apparatus 100
according to an exemplary embodiment of the present mnven-
tion, and FIG. 2 1s an equivalent circuit diagram of one pixel
1 1n the display apparatus 100 according to an exemplary
embodiment of the present invention.

The display apparatus 100 includes a display umt 10
including a plurality of pixels, a scan driving unit 20, a data
driving unit 30, an emission control driving unit 40, a control
unit 50, and a power supply unit 60 which supplies external
power to the display apparatus 100.

The display unit 10 includes the plurality of pixels that are
located at crossings of a plurality of scan lines SL.0 to SLn, a
plurality of data lines DL1 to DLm, and a plurality of emis-
sion control lines EML1 to EMLn and are approximately
arranged 1n a matrix form. The plurality of pixels receives
external voltages, such as a first power source voltage
ELVDD, a second power source voltage ELVSS, an initial-
ization voltage VIN'T, and the like, from the power supply unit
60. The first power source voltage ELVDD may be a prede-
termined high-level voltage, and the second power source
voltage ELVSS may be lower than the first power source
voltage ELVDD or may be a ground voltage.

Each pixel 1s connected to two of the plurality of scan lines
SL.O to SLn connected to the display unit 10. In FIG. 1, each
pixel 1s connected to a scan line corresponding to a corre-
sponding pixel line and a scan line corresponding to a previ-
ous pixel line but 1s not necessarily limited thereto.

Each pixel 1s connected to one of the plurality of data lines
DIL1 to DLm connected to the display unit 10 and one of the
plurality of emission control lines EML1 to EMLn connected
to the display unit 10.

The scan driving unit 20 generates two corresponding scan
signals and transmits the two corresponding scan signals to
cach pixel through the plurality of scan lines SLLO to SLn. That
1s, the scan driving unit 20 transmits a first scan signal Sn
through a scan line corresponding to a pixel line to which each
pixel belongs and transmits a second scan signal Sn-1
through a scan line corresponding to a previous pixel line of
the corresponding pixel line. For example, the scan driving
unit 20 transmits the first scan signal Sn to a pixel, which 1s
disposed on an nth pixel line and an mth column line, through
a first scan line SLn and transmits the second scan signal Sn—1
to the pixel through a second scan line SLn-1.

The data driving unit 30 transmits a plurality of data signals
D1 to Dm to the plurality of pixels through the plurality of
data lines DL1 to DLm.

The emission control driving unit 40 generates a plurality
ol emission control signals EM1 to EMn and transmits the
plurality of emission control signals EM1 to EMn to the
plurality of pixels through the plurality of emission control
lines EML1 to EMLn.

The control unit 50 converts a plurality of image signals R,
(G, and B transmitted from the outside into a plurality of image
data signals DR, DG, and DB and transmits the plurality of
image data signals DR, DG, and DB to the data driving unit
30. In addition, the control unit 50 recerves a vertical synchro-
nization signal Vsync, a horizontal synchronization signal
Hsync, and a clock signal MCLK, generates control signals
tor controlling the scan driving unit 20, the data driving unit
30, and the emission control driving unit 40, and transmaits the
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control signals to the scan driving unit 20, the data dniving
umt 30, and the emission control driving unit 40. That 1s, the
control umit 50 generates a scan driving control signal SCS for
controlling the scan driving unit 20, a data driving control
signal DCS for controlling the data driving unit 30, and an
emission driving control signal ECS for controlling the emis-
sion control driving unit 40 and transmits the scan driving
control signal SCS to the scan driving unit 20, the data driving
control signal DCS to the data driving unit 30, and the emis-
s1ion driving control signal ECS to the emission control driv-
ing unit 40.

Each of the plurality of pixels emits light of a predeter-
mined brightness by a driving current supplied to an organic
light-emitting device (OLED) in response to the plurality of
data signals D1 to Dm transmitted through the plurality of
data lines DL1 to DLm.

The pixel 1 shown 1n FIG. 2 1s one of the plurality of pixels

belonging to the nth pixel line and 1s connected to the nth scan
line SLn corresponding to the nth pixel line and the (n-1)th
scan line SLn—1 corresponding to an (n—1)th pixel line that 1s
a previous pixel line of the nth pixel line.
The pixel 1 of the display apparatus according to an
embodiment of the present invention includes a pixel circuit 2
including a plurality of thin film transistors (TFTs) T1 to T6
and a storage capacitor Cst. In addition, the pixel 1 includes
an OLED that emits light by receiving a driving voltage
through the pixel circuit 2.

The plurality of TF'T's T1 to T6 include a driving TFT T1, a
switching TFT T2, a compensation TF'T T3, an mnitialization
TFT T4, an operation control TFT T3, and an emission con-
trol TFT Tae.

The pixel 1 includes the first scan line SLn for delivering
the first scan signal Sn to the switching TFT 12 and the
compensation TF'T T3, the second scan line SLn-1 for deliv-
ering the second scan signal Sn-1 that 1s a previous scan
signal to the mitialization TF'T T4, an emission control line
EMLn for delivering an emission control signal EMn to the
operation control TFT T5 and the emission control TFT 16, a
data line DLm that crosses the first scan line SLn and delivers
a data signal Dm, a driving voltage line PL that delivers the
first power source voltage ELVDD, and an iitialization volt-
age line VL that delivers the mitialization voltage VINT {for
initializing the driving TEFT T1. The driving voltage line PL
may be formed 1n parallel or substantially in parallel with the
data line DLm.

A gate electrode G1 of the driving TF'T T1 1s connected to
a lower electrode Cstl of the storage capacitor Cst. A source
clectrode S1 of the driving TF'T T1 1s connected to the driving
voltage line PL via the operation control TF'T T5. A drain
clectrode D1 of the driving TFT T1 1s electrically coupled to
an anode electrode of the OLED via the emission control TFT
T6. The driving TFT 11 supplies the driving current Ioled to
the OLED 1n response to the data signal Dm received accord-
ing to a switching operation of the switching TFT T2.

A gate electrode G2 of the switching TF'T T2 1s connected
to the first scan line SLn. A source electrode S2 of the switch-
ing TFT T2 1s connected to the data line DLm. A drain
clectrode D2 of the switching TFT T2 1s connected to the
source electrode S1 of the driving TFT T1 and 1s connected to
the driving voltage line PL via the operation control TFT T5.
The switching TF'T T2 1s turned on according to the first scan
signal Sn received through the first scan line SLn and per-
forms a switching operation for delivering the data signal Dm
received through the data line DLm to the source electrode S1
of the driving TFT T1.

A gate electrode G3 of the compensation TFT T3 1s con-
nected to the first scan line SLn. A source electrode S3 of the
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compensation TFT T3 1s connected to the drain electrode D1
of the driving TFT T1 and 1s connected to the anode electrode
of the OLED wvia the emission control TF'T T6. A drain elec-
trode D3 of the compensation TFT T3 i1s connected to the
lower electrode Cstl of the storage capacitor Cst, a drain
clectrode D4 of the imtialization TFT T4, and the gate elec-
trode G1 of the driving TFT T1. The compensation TFT T3 1s
turned on according to the first scan signal Sn received
through the first scan line SLn and connects the gate electrode
(1 and the drain electrode D1 of the driving TFT 11 to each
other, thereby causing the driving TF'T T1 to be 1 a diode
connection state.

A gate electrode G4 of the imtialization TFT T4 1s con-
nected to the second scan line SLn-1. A source electrode S4
of the mitialization TFT T4 1s connected to the imtialization
voltage line VL. The drain electrode D4 of the imitialization
TFT T4 1s connected to the lower electrode Cstl of the storage
capacitor Cst, the drain electrode D3 of the compensation
TFT T3, and the gate electrode G1 of the driving TF'T T1. The
iitialization TFT T4 1s turned on according to the second
scan signal Sn-1 receirved through the second scan line
SLn-1 and delivers the mnitialization voltage VINT to the gate
clectrode G1 of the driving TFT T1 to thereby perform an
initialization operation for initializing a voltage of the gate
clectrode G1 of the driving TFT T1.

A gate electrode G5 of the operation control TFT T35 1s
connected to the emission control line EMLn. A source elec-
trode S5 of the operation control TFT T5 1s connected to the
driving voltage line PL. A drain electrode DS of the operation
control TFT TS 1s connected to the source electrode S1 of the
driving TFT T1 and the drain electrode D2 of the switching
TFT T2.

A gate electrode G6 of the emission control TFT T6 1s
connected to the emission control line EMLn. A source elec-
trode S6 of the emission control TET 16 1s connected to the
drain electrode D1 of the driving TFT T1 and the source
clectrode S3 of the compensation TF'T T3. A drain electrode
D6 of the emission control TFT T6 1s electrically coupled to
the anode electrode of the OLED. The operation control TF'T
15 and the emission control TFT T6 are simultaneously
turned on according to the emission control signal EMn
received through the emission control line EMLn and deliver
the first power source voltage ELVDD to the OLED, thereby
causing the driving current Ioled to tlow through the OLED.

An upper electrode Cst2 of the storage capacitor Cst 1s
connected to the driving voltage line PL. The lower electrode
Cstl of the storage capacitor Cst 1s connected to the gate
clectrode G1 of the driving TFT 11, the drain electrode D3 of
the compensation TF'T T3, and the drain electrode D4 of the
iitialization TFT T4.

A cathode electrode of the OLED 1s connected to the sec-
ond power source voltage ELVSS. The OLED displays an
image by receiving the driving current Ioled from the driving
TFT T1 and emitting light.

FIG. 3 1s a top view of the pixel 1 of FIG. 2, according to an
exemplary embodiment of the present invention, FIG. 4 1s a
magnified top view of a region IV of FIG. 3, FIG. 5 1s a
cross-sectional view along A-A' of FIG. 4, and FIG. 6 1s a
cross-sectional view along B-B' of FIG. 4.

Referring to FIG. 3, the pixel 1 includes the first scan line
SL.n, the second scan line SL.n-1, the emission control line
EMLn, and the imtialization voltage line VL which respec-
tively apply the first scan signal Sn, the second scan signal
Sn-1, and the emission control signal EMn, and the 1nitial-
ization voltage VINT and are formed along a row direction
and 1ncludes the data line DLm and the driving voltage line
PL. which cross the first scan line SLn, the second scan line
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SI.n-1, the emission control line EMLn, and the ini1tialization
voltage line VL and respectively apply the data signal Dm and
the first power source voltage ELVDD.

The first scan line SLn, the second scan line SL.Ln-1, and the
emission control line EMLn may belong to a first gate wiring,
and the initialization voltage line VL may belong to a second
gate wiring.

Since the first gate wiring and the second gate wiring are
located 1n different layers from each other to thereby make
narrow a distance between neighboring gate wirings located
in different layers from each other, relatively many pixels
may be formed 1n a same area. That 1s, a display apparatus of
a high resolution may be formed.

The data line DLm and the driving voltage line PL are
second signal wirings located on the second gate wiring. The
second signal wirings cross first signal wirings including the
first gate wiring and the second gate wiring. The second signal
wirings are formed as low-resistance wirings.

In addition, the pixel 1 includes the driving TFT T1, the
switching TFT T2, the compensation TFT T3, the mnitializa-
tion TFT T4, the operation control TFT T5, the emission
control TFT T6, and the storage capacitor Cst. Although not
shown, an OLED including a first electrode (anode elec-
trode), an organic emission layer, and a second electrode

(cathode electrode) may be formed 1n a region corresponding,
to a via hole VIA

When the OLED 1s a full-color OLED, the organic emis-
sion layer may be patterned as a red emission layer, a green
emission layer, and a blue emission layer according to a red
sub-pixel, a green sub-pixel, and a blue sub-pixel, respec-
tively.

The organic emission layer may have a multi-layer struc-
ture 1n which a red emission layer, a green emission layer, and
a blue emission layer are stacked to emait light of a white color
or have a single-layer structure including a red emission
material, a green emission material, and a blue emission
material. The OLED including the organic emission layer
may emit a full color by additionally including a red color
filter, a green color filter, and a blue color filter.

The driving TFT T1 includes an active layer Al, the gate
electrode (51, the source electrode S1, and the drain electrode
D1. In an exemplary embodiment, the gate electrode G1
belongs to the second gate wiring.

The switching TF'T T2 includes an active layer A2, the gate
electrode (32, the source electrode S2, and the drain electrode
D2. In an exemplary embodiment, the gate electrode G2
belongs to the first gate wiring.

That 1s, 1n an exemplary embodiment, the gate electrode
(g1 and the gate electrode G2 are disposed 1n different layers
from each other.

The compensation TFT T3 includes an active layer A3, the
gate electrode 3, the source electrode S3, and the drain
clectrode D3. In an exemplary embodiment, the gate elec-
trode G3 belongs to the first gate wiring, the source electrode
S3 corresponds to a compensation source region doped with
impurities in the active layer A3, and the drain electrode D3
corresponds to a compensation drain region doped with
impurities 1n the active layer A3. The compensation TFT T3
forms a dual-gate electrode to prevent a leakage current.

The gate electrodes G4 to G6 of the other TF'Ts T4 to 'T6
may belong to the first gate wiring or the second gate wiring.
In addition, 1n an exemplary embodiment, the lower electrode
Cstl of the storage capacitor Cst belongs to the first gate
wiring, and the upper electrode Cst2 of the storage capacitor
Cst belongs to the second gate wiring.

Referring to FIG. 4, 1n an exemplary embodiment, a first
conductive layer 110 extending from the active layer A3 and
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a second conductive layer 120 extending from the lower
clectrode Cstl of the storage capacitor Cst 1s electrically
connected to each other using a node contact hole 130 and a
connection node 140.

The first conductive layer 110 and the second conductive
layer 120 are separated by a first insulating layer 102 shown
in FI1G. 5 and disposed 1in different layers from each other, and
the node contact hole 130 includes a first contact hole part 131
which exposes the first conductive layer 110, a second contact
hole part 132 which exposes the second conductive layer 120,
and a connection part 133 which connects the first contact
hole part 131 and the second contact hole part 132.

A width W3 of the connection part 133 1s smaller than a
width W1 of the first contact hole part 131 and a width W2 of

the second contact hole part 132. As aresult, the node contact
hole 130 may have a shape of a dumbbell (e.g., a shape of a
peanut) at a top view.

However, the shape of the node contact hole 130 is not
limited thereto. For example, the widths W1-W3 may be
varied to form the node contact hole 130 1nto various shapes.
That 1s, a top view shape of the node contact hole 130 may be
various, such as a shape of the capaital letter I, a ribbon shape,
and the like.

In an exemplary embodiment, a length L of the connection
part 133 1n a direction extending from the first contact hole
part 131 to the second contact hole part 132 1s 1.5 um or less.

The shape of the node contact hole 130 and the length L of
the connection part 133 will be described in detail with
respectto F1GS. 9 and 10 in which a manufacturing method 1s
described.

Referring to FIG. 5 showing a cross-sectional view along
A-A' 1n FIG. 4 and FIG. 6 showing a cross-sectional view
along B-B'1in F1G. 4, the first conductive layer 110 1s disposed
on a substrate 101, and the first insulating layer 102 1s dis-
posed on the first conductive layer 110. In an exemplary
embodiment, the first conductive layer 110 1s formed 1n the
same layer as an active layer of a TFT, and specifically,
formed of the same material as a source region and a drain
region which are conductive by doping impurities into a semi-
conductor material forming the active layer. The semiconduc-
tor material may be poly silicon but 1s not limited thereto. For
example, the semiconductor material may be an oxide semi-
conductor.

In the current embodiment, the first conductive layer 110
corresponds to a drain region of the compensation TF'T T3 but
1s not limited thereto.

The second conductive layer 120 1s disposed on the first
insulating layer 102. That 1s, the first conductive layer 110 and
the second conductive layer 120 are insulated from one
another by the first msulating layer 102. In this case, the
second conductive layer 120 may correspond to a region 1n
which the lower electrode Cstl of the storage capacitor Cst
extends.

In the current embodiment, the lower electrode Cstl of the
storage capacitor Cst belongs to the first gate wiring and may
be formed 1n the same layer and of the same material as the
gate electrode G2 of the switching TFT T2. However,
embodiments of the present invention are not limited thereto,
and the second conductive layer 120 may be disposed 1n any
conductive layer which 1s different from the layer in which the
first conductive layer 1s disposed, and the lower electrode
Cstl of the storage capacitor Cst may not necessarily belong
to the first gate wiring.

In addition, 1n the current embodiment, the first conductive
layer 110 and the second conductive layer 120 may be dis-
posed to overlap each other when viewed from the top.
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In this case, since the use of a space 1s maximized by
reducing a design margin of a display apparatus, the current
embodiment 1s suitable for a high-resolution pixel design.

A second 1nsulating layer 103 1s disposed on the second
conductive layer 120.

That 1s, the first insulating layer 102 and the second insu-
lating layer 103 are disposed on the first conductive layer 110,
and the first contact hole part 131 which exposes the first
conductive layer 110 by penetrating the first insulating layer
102 and the second 1insulating layer 103 1s disposed on the first
conductive layer 110. In addition, the second contact hole part
132 which exposes the second conductive layer 120 by pen-
etrating the second 1nsulating layer 103 1s disposed 1n aregion
of the second 1nsulating layer 103 corresponding to the sec-
ond conductive layer 120.

Thus, a partial region of the second 1nsulating layer 103 1s
disposed between the first contact hole part 131 and the sec-
ond contact hole part 132.

Referring to FIG. 6, the connection part 133 which con-
nects the first contact hole part 131 and second contact hole
part 132 1s disposed on the second 1nsulating layer 103 dis-
posed between the first contact hole part 131 and the second
contact hole part 132. Since the width W3 of the connection
part 133 1s smaller than the width W1 of the first contact hole
part 131 and the width W2 of the second contact hole part 132,
the connection part 133 1s not shown 1n the cross-section view
along A-A.

That 1s, the second insulating layer 103 which 1s disposed
between the first contact hole part 131 and the second contact
hole part 132 and corresponds to a region connecting the
center of the first contact hole part 131 and the center of the
second contact hole part 132 1s formed to have a lower height,
1.€., a thinner width, than the second insulating layer 103 1n
the other regions, and the connection part 133 1s disposed in
a region corresponding to the second insulating layer 103
which corresponds to the region connecting the center of the
first contact hole part 131 and the center of the second contact
hole part 132.

The connection node 140 which electrically connects the
first conductive layer 110 and the second conductive layer
120 1s disposed i the node contact hole 130.

The connection node 140 may be formed of any material
having conductivity, and a top view shape of the connection
node 140 may also be a dumbbell shape (e.g., peanut shape)
or the like.

A third conductive layer 150 formed in the same layer and
ol the same material as source and drain electrodes of a TFT
may be disposed on the connection node 140.

FIG. 7 1s a cross-sectional view of a node contact hole 230
included 1n a display apparatus according to an exemplary
embodiment of the present invention.

Referring to FIG. 7, the display apparatus may include a
first conductive layer 210 disposed 1n the same layer as an
active layer of a TFT on a substrate 201, a first insulating layer
202 disposed on the first conductive layer 210, a second
conductive layer 220 disposed on the first mnsulating layer
202, a second insulating layer 203 disposed on the second
conductive layer 220, the node contact hole 230 and a con-
nection node 240 which electrically connects the first con-
ductive layer 210 and the second conductive layer 220.

A third conductive layer 250 1s disposed on the second
insulating layer 203 and the connection node 240.

In this case, the first conductive layer 210 and the second
conductive layer 220 are separated by the first insulating layer
202 and do not overlap each other when viewed from the top.
That 1s, the node contact hole 230 may be applied not only to
a case where two conductive layers overlap each other in a top
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view but also to a case where two conductive layers do not
overlap each other 1n a top view.

An embodiment of the invention can be described 1n terms
ol the placement of parts of the insulating layers (e.g., 102/
202, 103/203) that enable the node contact hole (e.g., 230/
330) to have 1ts shape. The first insulating layer (e.g., 102/
202) can be described as having first and second insulating
parts that are spaced apart from one another and disposed on
the first conductive layer (e.g., 110/210). As shown 1n FIG. 6,
a first part of the first insulating layer 102 1s disposed on a left
side of the first conductive layer 110, and a second part of the
first insulating layer 102 1s disposed on right side of the first
conductive layer 110. The second insulating laver (e.g., 103/
203) can be described as having first, second, and third insu-
lating parts (e.g., third-fifth insulating parts relative to the first
and second 1nsulating parts) that are spaced apart from one
another. As shown 1 FIG. 6, a first part of the second 1nsu-
lating layer 103 1s disposed on the first part of the first 1nsu-
lating layer 102, a second part of the second msulating layer
103 1s disposed on the left side of the second part of the first
insulating layer 102, and a third part of the second insulating
layer 103 1s disposed on the right side of the second part of the
first 1insulating 102. The connection node (e.g., 140/240) 1s
located 1n a hole formed by the spaces between the insulating
parts, which can described as having a dumbbell shape or
having first-third sections, where the middle second section
has a width less than the other sections. As shown in FIG. 6
and FIG. 7, the first conductive layer (e.g., 110/210) and
second conductive layer (e.g., 120/220) may or may not over-
lap one another. For example, as shown 1n FIG. 6, a width of
a portion of the middle part of the second insulating layer 203
can be configured to be narrow enough to allow the two
conductive layers 210 and 220 to overlap one another, or as
shown 1n FIG. 7, wide enough to prevent such an overlap.

FI1G. 8 15 a cross-sectional view of a node contact hole 330
included 1n a display apparatus according to an exemplary
embodiment of the present invention.

Referring to FIG. 8, the display apparatus may include a
first conductive layer 310 disposed 1n the same layer as an
active layer of a TFT on a substrate 301, first and second
insulating layers 302 and 303 disposed on the first conductive
layer 310, a second conductive layer 320 disposed on the
second 1msulating layer 303, and a third mnsulating layer 304
disposed on the second conductive layer 320.

That 1s, the second conductive layer 320 may be disposed
in a different layer from a layer 1n which the second conduc-
tive layer 120 of FIG. 6 1s disposed and may belong to the
second gate wiring. In this embodiment, the second conduc-
tive layer 320 may be formed in the same layer as the upper
clectrode Cst2 of the storage capacitor Cst included in the
display apparatus.

The first conductive layer 310 and the second conductive
layer 320 are electrically connected to each other by the node
contact hole 330 and a connection node 340, and a third
conductive layer 350 may be disposed on the third insulating
layer 304 and the connection node 340.

In addition, an additional conductive layer belonging to the
first gate wiring may be disposed between the first and second
insulating layers 302 and 303.

In the embodiments described above, the node contact hole
130, 230, or 330 which electrically connects the first conduc-
tive layer 110, 210, or 310 formed on the same layer as an
active layer and the second conductive layer 120, 220, or 320
formed 1n the same layer as the lower electrode Cstl or the
upper electrode Cst2 of the storage capacitor Cst has been
described, but embodiments of the present invention are not
limited thereto.
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Thus, the present disclosure may be applied to an embodi-
ment where a node contact hole 1s formed to connect conduc-
tive layers formed 1n different layers and between adjacent
devices or wirings as described 1n the embodiments.

FIGS. 9 and 10 are cross-sectional views illustrating a
method of manufacturing a display apparatus, according to an
exemplary embodiment of the present invention, and FIG. 11
1s a top view of a mask M of FIG. 10.

Referring to FIG. 9, the first conductive layer 110, the first
insulating layer 102, the second conductive layer 120, and the
second 1nsulating layer 103 are sequentially formed on the
substrate 101.

Referring to FIGS. 10 and 11, a photoresist PR 1s coated on
the second mnsulating layer 103, and thereafter, the mask M 1s
irradiated (e.g., treated with light) by using a light-exposure
device.

The mask M includes a first opening Ma and a second
opening Mb respectively corresponding to the first contact
hole part 131 and the second contact hole part 132. In an
exemplary embodiment, a spacing distance L. between the
first openming Ma and the second opening Mb 1s 1.5 um or less.

When the spacing distance L between the first opening Ma
and the second opening Mb 1s 1.5 um or less, a diffraction
phenomenon may occur when the mask M 1s irradiated (e.g.,
treated with light). That 1s, a region Mc which corresponds to
the connection part 133 and 1s not open 1s disposed between
the first opening Ma and the second opening Mb, and a
portion of the light 1s also applied to a region corresponding to
the connection part 133 between the first contact hole part 131
and the second contact hole part 132 due to the diffraction
phenomenon.

The intensity of light applied to the second insulating layer
103 due to the diffraction phenomenon varies according to a
location. The intensity of light applied to a region correspond-
ing to a line (or a region) connecting the center of the first
contact hole part 131 and the center of the second contact hole
part 132 may be greater than the intensity of light applied to
a surrounding region.

In an exemplary embodiment, the spacing distance L
between the first opening Ma and the second opening Mb 1s
0.5 um or less to be suitable for a high-resolution pixel design.

FIGS. 12 to 14 are cross-sectional views of a region corre-
sponding to A-A' of FIG. 4 1n the method of manufacturing a
display apparatus, according to an exemplary embodiment of
the present invention.

Referring to FIG. 12, the first contact hole part 131 and the
second contact hole part 132 are formed by 1rradiating (e.g.,
applying light to) the mask M of FIG. 10 and performing an
etching process. The etching may be dry etching.

FIG. 12 1s a cross-sectional view corresponding to a sur-
rounding region of the first contact hole part 131 and the
second contact hole part 132 when viewed from the top, and
the connection part 133 1s not formed between the first contact
hole part 131 and the second contact hole part 132.

That 1s, the intensity of light applied to a region corre-
sponding to the surrounding region of the first contact hole
part 131 and the second contact hole part 132 1s not enough to
ctch the second insulating layer 103, and as shown in FIG. 12,
a portion of the photoresist PR remains on the second 1nsu-
lating layer 103 disposed between the first contact hole part
131 and the second contact hole part 132.

The photoresist PR functions to prevent a phenomenon that
s1zes of the first contact hole part 131 and the second contact
hole part 132 increase in a process of forming the first contact
hole part 131 and the second contact hole part 132 by etching.

Thus, according to at least one embodiment of the present
invention, a phenomenon that a short with a surrounding
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conductive layer occurs due to too large sizes of the first
contact hole part 131 and the second contact hole part 132
may be prevented.

Referring to FIGS. 13 and 14, after removing the photore-
s1st PR by a stripping process, the connection node 140 which
connects the first conductive layer 110 and the second con-
ductive layer 120 1s formed.

Thereatfter, the third conductive layer 150 (refer to FIG. 5)
1s formed on the second msulating layer 103 and the connec-
tionnode 140, and an additional insulating layer which covers
the third conductive layer 150 may be further formed.

FIGS. 15 to 17 are cross-sectional views of a region corre-
sponding to B-B' of FIG. 4 1n the method of manufacturing a
display apparatus, according to an exemplary embodiment of
the present invention.

Referring to FIG. 15, the first contact hole part 131, the
second contact hole part 132, and the connection part 133 are
formed by applying light to the mask M of FIG. 10 and
performing an etching process.

FIG. 15 1s a cross-sectional view corresponding to the
central parts of the first contact hole part 131 and the second
contact hole part 132 when viewed from the top, and the
connection part 133 1s formed between the first contact hole
part 131 and the second contact hole part 132.

That 1s, since the intensity of light applied to a region
corresponding to the central parts of the first contact hole part
131 and the second contact hole part 132 1s enough to etch a
portion of the second insulating layer 103, a portion of the
second 1nsulating layer 103 1s etched to form the connection
part 133.

Thus, the node contact hole 130 including the first contact
hole part 131, the second contact hole part 132, and the
connection part 133 may be formed in a dumbbell shape (e.g.,
a peanut shape).

Referring to FIGS. 16 and 17, after removing the photore-
s1st PR by a stripping process, the connection node 140 which
connects the first conductive layer 110 and the second con-
ductive layer 120 1s formed.

Thereatfter, the third conductive layer 150 (refer to FIG. 6)
1s formed on the second msulating layer 103 and the connec-
tionnode 140, and an additional insulating layer which covers
the third conductive layer 150 may be further formed.

According to at least one embodiment of the present inven-
tion, a TFT array substrate may have areduced design margin,
a short malfunction between a node contact hole and a metal
wiring may be prevented, and a high resolution may be real-
1zed by optimizing a distance between a first contact hole part
and a second contact hole part included 1n the node contact
hole which electrically connects a first conductive layer and a
second conductive layer. At least one embodiment of the
invention provides a display apparatus including the TFT
array substrate, and a method of manufacturing the TFT array
substrate. The display apparatus may have a high resolution.

While one or more embodiments of the present invention
have been described with reference to the figures, 1t will be
understood by those of ordinary skill 1n the art that various
changes 1n form and details may be made therein without
departing from the spirit and scope of the present invention.

What 1s claimed 1s:

1. A thin-film transistor (1FT) array substrate comprising:

a first TFT comprising a first active layer, a first gate elec-

trode, a first source electrode, and a first drain electrode;

a first conductive layer disposed 1n a same layer as one of

the first active layer, the first gate electrode, the first
source electrode, and the first drain electrode;

a second conductive layer disposed 1n a different layer from

the first conductive layer;
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a node contact hole including a first contact hole part which
exposes the first conductive layer, a second contact hole
part which exposes the second conductive layer, and a
connection hole part which connects the first contact
hole part and the second contact hole part and has a
width that 1s smaller than a width of the first contact hole
part and a width of the second contact hole part; and

a connection node formed in the node contact hole to

clectrically connect the first conductive layer and the
second conductive layer.

2. The TFT array substrate of claim 1, wherein a length of
the connection hole part 1n a direction extending from the first
contact hole part to the second contact hole part 1s 1.5 um or
less.

3. The TFT array substrate of claim 1, further comprising a
first msulating layer disposed between the first conductive
layer and the second conductive layer,

wherein the first conductive layer and the second conduc-

tive layer are separated from each other by the first
insulating layer 1n an area 1n which the conductive layers
overlap with one another.

4. The TFT array substrate of claim 1, further comprising a
second 1nsulating layer disposed on the second conductive
layer,

wherein a partial region of the second insulating layer 1s

disposed between the first contact hole part and the
second contact hole part.

5. The TFT array substrate of claim 4, wherein the connec-
tion hole part which connects the first contact hole part and
the second contact hole part 1s disposed on the second 1nsu-
lating layer disposed between the first contact hole part and
the second contact hole part.

6. The TF'T array substrate of claim 1, further comprising:

a second TFT comprising a second active layer, a second

gate electrode, a second source electrode, and a second
drain electrode, and

wherein the first gate electrode and the second gate elec-

trode are disposed in different layers from each other.

7. The TFT array substrate of claim 6, further comprising a
capacitor which comprises a lower electrode disposed 1n the
same layer as the second gate electrode and an upper elec-
trode disposed 1n the same layer as the first gate electrode,

wherein the first conductive layer 1s disposed 1n the same

layer as the first active layer and the second active layer,
and

wherein the second conductive layer 1s disposed 1n the

same layer as the lower electrode or the upper electrode
of the capacitor.

8. A display apparatus comprising a plurality of pixels,
wherein each pixel comprises the TFT array substrate of
claim 1.

9. The display apparatus of claim 8, wherein the display
device 1s an organic light-emitting device (OLED) compris-
ing a first electrode, a second electrode, and an organic emis-
s1on layer disposed between the first electrode and the second
clectrode.

10. A method of manufacturing a thin-film transistor (TFT)
array substrate, the method comprising:

forming a first conductive layer 1n a same layer as one of an

active layer, a gate electrode, a source electrode, and a
drain electrode included in a TFT;

forming a second conductive layer in a different layer from

the first conductive layer;

forming a node contact hole including a first contact hole

part which exposes the first conductive layer, a second
contact hole part which exposes the second conductive
layer, and a connection hole part which connects the first
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contact hole part and the second contact hole part and

has a width that 1s smaller than a width of the first contact

hole part and a width of the second contact hole part; and

forming a connection node in the node contact hole to
clectrically connect the first conductive layer and the
second conductive layer.

11. The method of claim 10, wherein the forming of the

node contact hole comprises forming the node contact hole by
applying light to amask including a first opening and a second
opening respectively corresponding to the first contact hole
part and the second contact hole part.

12. The method of claim 11, wherein a spacing distance
between the first opening and the second opening included 1n
the mask 1s 1.5 um or less.

13. The method of claim 10, further comprising:

forming a first insulating layer after forming the first con-

ductive layer; and

forming a second 1nsulating layer after forming the second

conductive layer.

14. The method of claim 13, wherein the forming of the
node contact hole comprises:

forming the first contact hole part which exposes the first

conductive layer by etching the first insulating layer and
the second 1nsulating layer;

forming the second contact hole part which exposes the

second conductive layer by etching the second insulat-
ing layer; and

forming the connection hole part by etching a portion of the

second insulating layer which 1s disposed between the
first contact hole part and the second contact hole part.

15. A thin-film transistor (TF'T) array substrate compris-
ng:

a'TFT comprising an active layer, a gate electrode, a source

electrode, and a drain electrode,
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a first conductive layer disposed 1n a same layer as one of
the active layer, the gate electrode, the source electrode,
and the drain electrode;

a second conductive layer disposed 1n a different layer from
the first conductive layer;

a first insulating layer comprising first and second nsulat-
ing parts spaced apart from one another and disposed on
the first conductive layer;

a second 1mnsulating layer comprising third, fourth, and fifth
insulating parts spaced apart from one another, the third
insulating part disposed on the first insulating part, and
the fourth and fifth insulating parts disposed on the sec-
ond insulating part and the second conductive layer; and

a connection node to electrically connect the first conduc-
tive layer and the second conductive layer,

wherein the second 1nsulating part prevents the conductive
layers from contacting one another 1n an area in which
the conductive layers overlap with one another,

wherein the connection node 1s located 1n a hole having
first, second, and third sections, the second section
located between the first and third sections and having a
width smaller than the first and third sections.

16. The TFT array substrate of claim 15, wherein the hole

1s dumbbell shaped hole.

17. The TFT array substrate of claim 135, wherein the fourth
insulating part 1s located between the third and fifth insulating
parts and the connection node surrounds the fourth mnsulating
part.

18. The method of claim 10, further comprises forming an
insulating layer on the first conductive layer in an area 1n
which the conductive layers overlap with one another to sepa-
rate the conductive layers from each other.

G ex x = e
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